(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



^'"^'""•'''"^ilLXS.^'"'"'""" IllBBlliliiiiillBllili 

(43) loternational FublicatioD Date (10) Inteniational Publicatioo Number 

14 Mareh 2002 (14.03.2002) pCT WO 02/21557 Al 



(51) lDteniatiooalPlBteotCla$sifioBtion\* HOIJ 1/62, 
H01L 51/20 

(21) iDternatioaalApplicadoD Number: PCT/SG0(]/0O133 

(22) Intematiooal Filing Date: 

6 September 2000 (06.09.2000) 

(25) FiliDg Language: English 

(26) PublicatiOD Language: English 

(71) Applicants (for all designated States except US): OS- 
RAM OPTO SEMICONDUCTORS GMBH & CO. 
OHG [DE/DE); Wernenverkstrassc 2» 93049 Regensbuig 
(DE). INSTITUTE OF MATERIALS RESEARCH 
St ENGINEERING [SO/]; 3 Research Link, Singapore 
117602 (SO). 

=g (72) inventors; and 

= (75) InveDtors/Applicaots (for US only): GUENTHER, 
B Ewald» Karl» Michael [DE/SG]; 21 D Mount Sinai Rise, 
Singapore 276938 (SO). AUCH, Mark, Dai, Joong 
= (DE/SGj; 102 Nanyang Crescent. Blodc K, #03-02. Singa- 
= pore 637820 (SG). 



(74) AgeDt: EPPING HERMAN A FISCHER: Pdstfach 12 
10 26, 80034 Munchen (DE). 

(81) Designated States (national): AE AG. AL, AM. AT. AU. 
AZ. BA. BB, BG. BR, BY. BZ, CA, CH. CN. CR. CU, CZ. 
DE. DK, DM. DZ, EE. ES. FL GB. GD, GE. GH. GM. HR, 
HU, ID. IL. IN. IS. JP. KB. KG. KP, KR, K2, LC. LK. LR, 
LS. LT. LU. LV, MA. MD, MG. MK, MN. MW. MX. MZ, 
NO. NZ. PL. FT. RO. RU. SD. SE. SG. SI. SK. SL, TJ, TM, 
TR. TT, TZ. UA. UG. US. UZ, VN, YU. ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM. 
KE. LS, MW. MZ. SD. SL. SZ. TZ. UG. ZW), Eurasian 
patent (AM, AZ. BY. KG, KZ. MD. RU. TJ, TM), European 
patent (AT, BE. CH, CY, DE. DK, ES, R, FR. GB. GR, IE, 
IT, LU. MC, NL, PT, SE). OAPI palenl (BF, BJ. CF, CO, 
CI, CM, GA, GN, GW, ML, MR. NE, SN, TO, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: ENCAPSULATION FOR OLBD DEVICES 




(57) Abstract: An encapsulation for an oxganic light emitting diode (OLED) (201) device is disclosed. The encapsulation includes 
O a sealing dam (280) surrounding the cell region of the OLED device to support a cap. The sealing dam provides a sealing region 
between the edge of die cap and dam in which an adhesive is applied lo seal the OLED device. The use of the sealing dam advanta- 
geously enables devices lo be formed with narrower sealing widths. 
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ENCAPSULATION FOR OLED DEVICES 

Field of the Invention 

The present invention relates to organic light 
5 emitting diode (OLED) devices. More particularly, the 
invention relates to encapsulation of OLED devices. 



Background of the Invention 

Fig. 1 shows a conventional OLED device 100. OLED 

10 devices can be used as displays in various consumer 

electronic products, including cellular phones, cellular 

smart phones, "per sonar organizers, 'pagers', advertising 

panel, touch screen displays, teleconferencing 
equipment, multimedia equipment, virtual reality 

15 products, and display kiosks. 

The OLED device comprises a functional stack of one 
or more organic functional layers 110 between a 
transparent conductive layer 105 and a conductive layer 
115. The functional stack is formed on a transparent 

20 substrate 101. The conductive layers can be patterned 
to form one or more cells or pixels on the substrate. 
Bond pads 150 are coupled to the cathodes and anodes to 
control the OLED pixels- In operation, charge carriers 
are injected through the cathodes and anodes for 
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recombination in the functional layers. The 
recombination of the charge carriers causes the 
functional layer to emit visible radiation - 

A cap 160, which forms a cavity 145 between it and 
S the pixels, is mounted on the Substrate. A sealant 187 
is applied around the edges of the cap where it contacts 
the substrate. No pressure is applied on the cap, thus 
allowing the sealant to creep in between the cap and the 
substrate by capillary force and hermetically sealing 

10 the device. However, due to the gap G that exists 

between the cap and substrate, the sealing width W needs 
to be sufficiently wide to prevent oxygen and moisture 
from permeating through the sealant. Typically, the 
sealing width is about 1-2 mm with a gap of about 0.01- 

15 0.1 mm. Such a large sealing width results in 

inefficient use of chip area, limiting miniaturization 
of OLED devices. 

As evidenced from the above discussion, it is 
desirable to provide improved encapsulation of OLED 

20 devices which reduces the sealing width, control the 

sealing gap G and provide a cavity to prevent mechanical 
damage of the active device layers. 
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Stamnary of the Invantion 

The invention relates generally to OLED devices. 
In particular, the invention relates to of the 
encapsulation OLED devices. In one embodiment, a 
5 sealing dam surrounding the cell region of the substrate 
is provided. The sealing dam supports the cap on the 
substrate and provides a sealing region located at an 
outer face of the sealing dam. In one embodiment, the 
sealing region is located between the edge of the cap 
10 and dam in which an adhesive is applied to seal the OLED 
device. The use of the sealing dam determines the gap 
between' tSe' cap aha" substrate ^thereby providing a 
cavity space between the diode and the cap for 
mechanical protection) and the sealing widths. 

15 

Brief Description o£ the Drawxncys 

Fig. 1 shows a conventional OLED device; 
Fig. 2 shows an embodiment of the invention; and 
Figs. 3-5 show a process for fabricating an OLED 
20 device in accordance with one embodiment of the 
invention. 



Preferred Embodiments of the Invention 

Fig. 2 shows an OLED device 200 in accordance with 
25 one embodiment of the invention. The OLED device 
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comprises a substrate 201 on which pixels are formed. 
In one embodiment, the substrate comprises a transparent 
substrate, such as glass. Other types of transparent 
materials that serve as a substrate to support the OLED 
5 pixels are useful. The OLED pixels comprise one or more 
organic layers 110 sandwiched between cathodes 105 and 
anodes 115. In one embodiment, the cathodes and anodes 
are formed as strips in respective first and second 
directions. Typically, the first and second directions 
10 are orthogonal to each other. The OLED pixels are 

formed in the cell regiox\ of the substrate. Bond pads 
150 are electrically coupled to the cathodes and anodes. 
A cap 260 is provided to encapsulate the OLED pixels. 
The cap provides a cavity 145, separating the cap from 
15 the OLED cells. 

In accordance with the invention, a sealing dam 280 
is provided on the periphery of the cell region of the 
OLED device to support the cap. The -height of the 
sealing dam defines the cavity 145. In one embodiment, 
20 the sealing dam comprises a non-conductive material to 
prevent shorting of the electrodes. Multi-layered 
sealing dam in which at least the layer in contact with 
the substrate comprises a non-conductive material can 
also be used. The sealing dam forms a sealing space or 
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region 285 which abuts an outer face 281 of the sealing 
dam. In one embodiment, the sealing dam is located a 
distance from the edge of the cap, leaving a sealing 
space 285 between the edge of the cap and the dam. A 
5 sealant 287 fills the sealing space, hermetically 
sealing the device. The use of a sealing dam 

r 

advantageously eliminates the gap (gap G in Fig. 1) that 
exists in conventional encapsulations. This enables 
devices formed with narrower sealing widths, for 

10 example, < 1 mm. In one embodiment, the sealing width 
is from about 0.2 to less than 1 mm. 

Fi"gs; 3-6 show a p'roces^^ OLED 
device in accordance with one embodiment of the 
invention. Referring to Fig. 3, a substrate 360 which 

15 serves as an encapsulation cap i|S provided. The 

substrate comprises, for example, metal or glass. Other 
types of materials which can protect the active 
components from the environment, such as ceramic or 
metallized foil, are also useful. The thickness of the 
20 substrate can be, for example, 0.4-2 mm. Providing a 
thin substrate (0.01-0.2 mm) is also useful, 
particularly for fabricating flexible devices. 

A device layer 380 from which the sealing dam is 
formed is deposited on a major surface of the cap. In 
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one ehibodiment, the device layer comprises a non- 
conductive photosensitive material, such as photoresist. 
Other non-conductive photosensitive materials, such as 
photopatternable polyimide, photopatternable 
5 polybenzoxazole, photopatternable polyglutarimide and 
other resins, are also useful. The height of the dam 
(e.g. 1 urn) is larger than the height of the device 
layer (ca. 0.5 um) . 

Referring to Fig. 4, the device layer is patterned 
10 to form a sealing dam 280. The patterning process 

includes, for example, selectively exposing the resist 
layer followed by a development process to remove the 
selected portions (i.e., exposed or unexposed portions 
are removed depending on- the use of a positive or 
15 negative resist layer) . In one embodiment, the sealing 
dam is foonned a distance from the edge of the substrate 
260, leaving a sealing region 285. Typically the 
sealing region is about 0.2-2 mm wide. The dam and 
substrate form a cap 260 to encapsulate the OLED device. 
20 Alternatively, non-photosenisitive materials that 

are non-conductive, such as spin-on glass, polyimide, 
polybenzoxazole, polyglutarimide, or benzocyclobutene, 
can be used to serve as the sealing dam layer. Other 
non-photosensitive materials such as polymers, including 
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polyethylene, polystyrene, polypropylene or inorganic 
materials such as silicon oxide, silicon nitride, 
aliminum oxide are also useful. For non-photosensitive 
materials, an etch mask, such as resist, is provided for 
5 patterning the device layer. 

In yet another embodiment, multdple layers are used 
to form a sealing dam stack. At least the upper most 
layer which contacts the OLED substrate comprises a non- 
conductive material. The layers are patterned using, 
10 for example, an etch mask to form the sealing dam. 

Referring to Fig. 5, a substrate 201 comprising 
OLED' ceils "formed thereon In" one 

embodiment, the substrate comprises a transparent 
material, such as glass. Other types of material can 
15 also be used to form the substrate. In a preferred 
embodiment, the substrate comprises a transparent 
flexible substrate, such as thin glass (e.g. 50 um) or 
other materials such as plastic films, including, for 
example, transparent poly (ethylene terephthalate) (PET), 
20 poly(butylene terephthalate) (PBT) ,^ poly (enthylene 

naphthalate) (PEN), polycarbonate (PC), polyimides (PI), 
polysulfones (PSO) , and poly (p-phenylene ether sulfone) 
(PES), polyethylene (PE) , polypropylene (PP) , poly (vinyl 
chloride) (PVC), polystyrene (PS) or poly (methyl 
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methyleacrylate) (PMMA) . In one embodiment, the 
substrate is about 20 - 300 vm thick. 

The OLBD cells are formed in the cell region of the 
substrate. The OLED cells comprise a stack of layers 
5 which includes first and second electrodes 105 and 115 
with at least one organic functional layer 110 
therebetween. Fabrication of OLED cells is described 
in, for example, Burroughes et al.. Nature (London) 347, . 
539 (1990) which is herein incorporated by reference for 
10 all purposes. Bond pads (not shown), for example, can 
be provided to access to the OLED cells. 

The cap 260 is mounted on the substrate with the 
OLED pixels, aligning the sealing dam to surround the 
cell region of the OLED device. Pressure is applied to 
IS the cap and/or substrate to press them together to avoid 
the sealant creeping into the gap between the sealing 
dam and the substrate. A sealant 287 is applied on the 
substrate around the cap. The sealant, for example, 
comprises uv-curable epoxy. Other types of sealants 
20 such as heat curable epoxy or acrylates are also useful. 
The sealant creeps in to fill the sealing region 285 
between the cap and substrate. The sealant, for 
example, is cured (e.g., OV or thermal), thus 
hermetically sealing the OLED device 200. 
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Eacample 

A 1 um thick layer of AZ 5214E photoresist was 
deposited onto a glass substrate. The glass substrate 
5 was about 22 nun^ arid 100 um thick. A Karl Suess RC 8 
spin-coater was used to deposit the photoresist (about 
1000 rpm for about 20 seconds) . Subsequently, the 
resist was baked at 90^C for about 2 min to remove the 
solvent, resulting in a dry resist film of about 1.2 urn 

10 thick. The dry resist film is selectively exposed with 
a 50 mJ/cm^ dose of UV light using a Karl Suess MJB 3 
contact-exposing system- 
After exposure, the resist was developed in AZ 726 
alkaline developer for about 1 min at room temperature. 

IS The exposed regions of the resist were dissolved, 
leaving the sealing dam on the substrate. The cap 
(substrate with the dam) was then mounted on a prepared 
substrate with OLED pixels. An adhesive was dispensed 
along the edges of the dam, encapsulating the device. 

20 In another experiment, prior to mounting the cap onto 
the prepared OLED substrate, it was baked at about 220®C 
for about 1 hour to crosslink the resist. Crosslinking 
improves adhesion as well as render the resist inert to. 
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for example, solvents that are used in subsecjuent 
processing. 

While the invention has been particularly shown and 
described with reference to various embodiments, it will 
5 be recognized by those skilled in the art that 

modifications and changes may be made to the present 
invention without departing from the spirit and scope 
thereof. The scope of the invention should therefore be 
determined not with reference to the above description 
10 but with reference to the appended claims along with 
their full scope of equivalents. 
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What is claimed is: 

1. A device comprising: 

a substrate having a cell region; 

a sealing dam surrounding the cell region; 
S a cap supported by the sealing dam; 

a sealing region abutting an outer surface of the 
sealing dam; and 

an adhesive Ipcated in the sealing region, the 
adhesive hermetically sealing the device, wherein the 
10 sealing dam reduces a sealing width of the device. 

• 2. The device of claim i wherein the ceil region 
comprises OLED cells. 

15 3. The device of claim 2 wherein the substrate 
comprises a transparent substrate. 

4 . The device of claim 2 wherein the substrate 
comprises a flexible substrate. 

20 

5. The device of claim 4 wherein the substrate 
comprises a transparent substrate. 
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6. The device of claim 1 wherein the stibstrate 
comprises a flexible substrate. 

7. The device of claim 6 wherein the substrate 
conprises a transparent substrate. 

8. The device of claim 1 wherein the substrate 
comprises a transparent substrate. 

9. The device of claim 1, 2, 3, 4, 5, 6^ 1, 8, or 9 
wherein the sealing dam comprises a non-conductive 
-material. 

10. The device of claim 9 wherein the sealant comprises 
15 a thermally, cured adhesive. 

11. The device of claim 9 wherein the sealing dam 
comprises a photosensitive material. 

20 12. The device of claim 11 wherein the sealant 
comprises a thermally cured adhesive. 

13. The device of claim 9 wherein the sealing dam 
comprises multiple layers. 



5 



10 
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sealing dam eliminates a gap between the substrate and 
the cap to reduce a sealing width of the device. 

18. The method of claim 17 wherein providing the 

5 substrate includes forming OLED cells in the cell region 
of the substrate. 

19. The method of claim 18 wherein the substrate 
comprises a flexible substrate. 

10 

20. The method of claim 19 wherein the substrate 
comprises a "trarispare^^^ " - 

21. The method of claim 18 wherein the substrate 
IS comprises a transparent substrate. 

22. The method of claim 17 wherein the substrate 
comprises a flexible substrate. 

20 23. The method of claim 22 wherein the substrate 
comprises a transparent substrate. 

24. The method of claim 17 wherein tM substrate 
comprises a transparent substrate. 
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25. The method of claim 17, 18, 19, 20, 21, 22, 23, or 
24 wherein providing the cap with the dam comprises 
forming a sealing dam on a cap substrate • 

5 

•26. The method of claim 25 further comprises curing the 
adhesive. 

27. The method of claim 25 wherein forming the sealing 
10 dam comprises: 

depositing a device layer on the cap substrate; and 
patterning the device layer to form the sealing dam 
on the cap substrate. 

15 28. The method of claim 27 further con^rises curing the 
adhesive. ~ 

29. The method of claim 27 wherein the device layer 
comprises a photosensitive layer. 

20 

30. The method of claim 29 further comprises curing the 
adhesive. 
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31. The method of claim 25 wherein the sealing dam 
comprises a photosensitive material. 

32. The method of claim 31 further comprises curing the 
5 adhesive. 

33. A method for forming a device including 
encapsulating the device conprising: 

providing a substrate including a cell region; 

forming a sealing dam on the substrate, the 
sealing dam surrounds the cell region; 

i^ouhting^ a cap "dn"the sea'ling dam,' wherein a 
sealing region abuts an outer surface of the sealing 
dam; 

exerting a jpressure to ensure the cap contacts 
the sealing dam; and 

applying an adhesive in the sealing region, 
the adhesive hermetically sealing the substrate, wherein 
the sealing dam eliminates a gap between the cap and the 
20 substrate to reduce a sealing width of the device. 

34. The method of claim 33 wherein providing the 
substrate includes forming OLED cells in the cell region 
of the substrate. 
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35. The method of claim 34 wherein the substrate 
comprises a flexible substrate. 

5 36. The method of claim 35 wherein the substrate 
comprises a transparent substrate. 

37. The method of claim 34 wherein the substrate 
comprises a transparent substrate. 

10 

38. The method of claim 33 wherein the substrate 
comprises a flexible substrate. 

39. The method of claim 38 wherein the substrate 
15 comprises a transparent substrate. 

40. The method of claim 33 wherein the substrate 
comprises a transparent substrate. 

20 41. The method of claim 33^ 34, 35, 36, 37, 38, 29, or 
40 wherein forming the sealing dam comprises: 

depositing a device layer on the sxjbstrate; and 
patterning the device layer to form the sealing dam 
on the substrate. 
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42. The method of claim 41 wherein the device layer 
comprises a photosensitive layer. 

5 43. The method of claim 42 further comprises curing the 
adhesive 

44. The method of claim 41 further comprises curing the 
adhesive. 

10 

45. The method of claim 33, 34, 35, 36, 37, 38, 39, or 
40 wherein the sealing dam comprises a photosensitive 
material. 

15 46. The method of claim 45 further comprises curing the 
adhesive 
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us 


A 


5861219 


19-01-1999 










us 


A 


5986401 


16-11-1999 










CN 


A 


1207205 


03-02-1999 










us 


A 


5811833 


22-09-1998 










us 


A 


5922396 


13-07-1999 










OS 


A 


5981306 


09-11-1999 


NO 


Al 


9859528 


30-12-1998 


CM 


T 


1265261 


30-08-2000 










BP 


Al 


1016327 


05-07-2000 










OS 


A 


5920080 


06-07-1999 



PCT/ISA/210 (patent fiunity snnex) 1998) 



